absence of typhoid fever as compared with the high incidence in former wars [1] .
We are not, however, on such sure ground when dealing with therapeutic vaccination, for although in certain conditions very striking results have been obtained, yet in many infections failure must be recorded.
I propose first to make a short review of the literature of the subject in order that the main steps by which the process has advanced may be appreciated. PROPHYLACTIC IMMUNIZATION. It was known, even in ancient times, that a previous attack of an infective disease may render the individual resistant or immune to a second attack: this was the reason for the wilful exposure of children to infection and even to the actual inoculation of infective material. It is to Jenner, however, that the actual discovery of prophylactic immunization is usually accredited. The earlier workers on this subject all sought to obtain a modified and less virulent virus. Thus, in variolization, the introduction of variolous material under the skin seemed to reduce the virulence of the virus and to produce a less severe attack of the disease. Jenner, being familiar with the old Gloucestershire belief that an attack of cow-pox rendered man immune to small-pox, proved in his brilliant experiments the truth of this idea [2] , and as a result of his experiments vaccination against small-pox gradually became general over the whole civilized world.
It is now known that the virus of small-pox can be attenuated by passage through animals, but whether Jenner used a true cow-pox or only a modified small-pox will never be known, nor does it matter greatly. At the present time it is generally believed that most strains of calf lymph are variolous in origin and, as such, are attenuated viruses.
Pasteur and his collaborators expanded the idea of Jenner and applied it to other infections both human and animal. For many years it was firmly believed that the use of living but attenuated virus was essential to the production of a good prophylactic immunity, which of course greatly restricted its application to human medicine. Gradually, however, this belief has broken down; in the nineties Haffkine [3], with his plague vaccine, and Wright [4], with his typhoid vaccine, broke completely away from this idea and used dead instead of living virus. Previous to Wright's work on typhoid fever attempts to induce immunity by inoculations of dead bacteria had been merely tentative and incomplete. It is chiefly to Wright, therefore, that we owe the knowledge that killed cultures provide an efficient means of producing immunity.
The success of prophylactic vaccination against typhoid fever has already been noticed, but it is equally successful against many other infections, including dysentery, cholera, plague and pneumonia. During the past few years we have seen attempts to simplify the prophylactic injection still further by employing, where possible, simple bacteria products, toxoids, and even aggressins, as in the prophylactic inoculation against diphtheria [51, scarlet fever, and other infections [6] . The toxin is modified by the addition of antitoxin or chemical substances. Thus we see that the general trend of medical progress has been in the direction of dropping the use of living virus for the dead virus or for some of its products. In immunization against rabies, killing the virus by heat, carbolic acid, ether, &c., have in many Institutes replaced the original dried cord method of Pasteur [7] . There is now only one human disease, i.e., small-pox, in which the injection of the living virus is still widely used to procure an immunity. Apparently the Jennerian method is still employed for want of a more reliable one, or is it that the prophylaxis of this particular disease has been so bound down to a fixed procedure that stagnation has followed? Scientifically, it cannot be disputed that from every point of view the injection of virus capable of multiplying in the body of the individual is bad. When multiplication of the virus occurs, then there is no possibility of estimating the dose to which the patient has been subjected. Thus, the effect cannot be controlled, and in susceptible individuals this may lead to unforeseen results. It can, of course, be argued on statistical grounds that the likelihood of bad effects after small-pox vaccination is infinitesimal and not worth consideration: but is this really so? It has recently been shown that nervous disabilities (meningoencephalomyelitis, &c.) may follow vaccination, either as a direct effect or as a sequel to the lowering of the general resistance of the body [8] .
From time to time attempts have been made to re-introduce the use of an attenuated living virus as a prophylactic measure in certain other human diseases;
particularly is this true in regard to tuberculosis [9] . This, I am sure, is an innovation which should be rigorously opposed and regarded as a retrograde step: who knows for how long an attenuated bacillus can lie dormant, and then assume its former virulence?
THERAPEUTIC IMMUNIZATION.
For the introduction of bacterial immunization as a curative measure, we are indebted to Wright [101 and his collaborators. This form of vaccine therapy is, however, really a development of prophylactic immunization, but I think that most of you will agree that it has not proved so successful. Once it was hoped that vaccine treatment controlled by opsonin estimations would yield therapeutic success rivalling the results of prophylactic immunization. This hope has been disappointed. At the outset, the originators of this form of therapy insisted on the specificity of the reaction and emphasized the use of specific vaccines. At the present moment there is a tendency for the pendulum to swing the other way and it is said that there is nothing in this vaunted specificity. Let us analyse this contention under the heading of non-specific therapy.
NON-SPECIFIC BACTERIAL THERAPY.
As I have just pointed out, Wright's original vaccine therapy is based on the principles of strict specificity. But it was frequently observed that rapid improvement followed almost immediately on the injection of a single dose of vaccine, a fact which could not be explained on any of the known phenomena of immunity. This was first noted as long ago as 1893, when Friinkel treated cases of typhoid fever with typhoid vaccine [11] , and Rumpf treated them with Bacilluts pyocyaneus vaccine [12] .
It is now recognized that other substances, particularly of a proteid nature or origin, can bring about similar phenomena. It would appear that a stimulus is liable to follow on the injection of any substance which might be regarded as a 138 PROCEEDINGS OF THE ROYAL SOCIETY OF MEDICINE Section oJ Pathology 3 foreign proteid. My own attention was first drawn to this reaction when investigating with Dr. P. Fildes the causation of saline fever in relation to salvarsan therapy. In 1912, Dr. Fildes and I noted that the rapid healing of leg ulcers, chronic eczema, &c., frequently took place after an injection of what we then believed to be normal saline L13]. Subsequent investigation demonstrated that saline prepared from ordinary distilled water contained large numbers of dead bacteriabacteria which are able to grow in distilled water. The injection of such saline intravenously gave rise to considerable reaction on the part of the patient, which we may now regard as protein shock. Generally within half an hour of the injection the patient manifested a rigor followed by a rise of temperature of from 20 to 30 C., with headache, nausea or vomiting, and a rapid pulse. The temperature reached its maximum in about three hours' time, and then, accompanied by sweating, it slowly fell to normal. In about eight hours' time the patient's condition was again normal, and, as already mentioned, the healing of various skin lesions was greatly stimulated. At the present time a considerable amount of success has followed the application of non-specific proteid therapy in such disorders as chronic ulcers, chronic eczema, and rheumatoid arthritis. This line of treatment must also be regarded as a direct development of specific vaccine therapy. The dosage must be sufficiently high to produce a well-marked tissue response, which is apparently preceded by a temporary depression of the defensive mechanism of the body. That large doses of vaccine have this latter effect was well known to Wright, who noted the depression of the opsonic index-termed by him the negative phase. It was undoubtedly the fear of producing this negative phase that prevented the use of larger doses of vaccine, and who is bold enough to say that a more heroic dosage might not have given a better therapeutic result-at any rate in the subacute or chronic infections? We know that although the smaller dose may produce immune bodies, it does not always cure the patient. The application of large doses of vaccine to those conditions, such as tuberculosis, where there is a hypersensitiveness to the antigen, is inadmissible on account of the intense reaction which is liable to follow. When used in larger dosages, specific vaccines produce the typical protein shock of non-specific therapy. The general consensus of opinion seems to be that non-specific or protein shock therapy has come to stay, since in many subacute and chronic infections it has given striking therapeutic results. The effect, as already indicated, is mainly due to the stimulating effects of a foreign protaid or proteid derivative, and the curative effects of such remedies as normal horse serum, Coley's fluid in sarcomata or a concurrent infection, are all attributable to the same phenomenon; may it not be that some of the effects of colloidal lead in malignant disease are much of the same nature? At the present moment it would appear that the success attained by non-specific therapy has reacted against the use of specific vaccines, and there has followed in some quarters a tendency to minimize the old belief in the value of specificity. But from a scientific point of view, this is quite erroneous, as the specific vaccine can cause both the specific and non-specific reactions, so that by its use a double effect is produced. THE MECHANISM OF BACTERIAL IMMUNIZATION. This now brings us to the second part of my address, namely, the nature of these specific and non-specific reactions with which I have just dealt.
Specific Immunization.
With regard to specific immunization, immunologists now recognize that resistance to infection following the use of vaccines depends mainly on two factors:- Non-specific Thterapy.
In spite of a considerable amount of research work into the phenomena of non-specific vaccine therapy, the answers obtained have been rather indecisive. In an indefinite sort of way the effect is accredited to leucocytic action, to an increased flow of blood and lymph, to antiferments, antibodies, phagocytosis, &c. One very definite fact, however, is established, namely, that in most instances the injection is followed by a leucocytosis. As a series of observations on antibody production, which I made quite recently, in conjunction with Mr. A. N. Kingsbury, and a later unpublished series made with Dr. Whitby, have some bearing on the explanation of this reaction, I propose to give some account of them here. The phenomena observed may be readily grouped under three headings: (1) General tissue reaction;
(2) leucocyte response; (3) immunity or antibody response.
(1) The General Tissue Response is apparently dependent on the pyrogenetic properties of the foreign (bacterial, &c.) proteid, as we found was the case in saline fever. This reaction, I think, must be regarded as a process identical with that which occurs in the fever which accompanies a natural infection. Fever, of course, is now regarded as part of a protective process and not to be suppressed-as was the practice at one time. During a fever response the general metabolism is increased, circulation is quickened and the flow of lymph is increased. In this way there is an increased flow of all the protective substances through the tissues of the body together with an increased rate of removal of waste and toxic substances. The effect, in its broadest sense, is therefore comparable to the old-fashioned poultice or to a fomentation. Such a reaction alone is bound to stimulate the healing of various lesions.
(2) The Leucocyte Response is very.definite. It consists, first of all, of a diminution (leukopenia) within an hour of the injection, which is immediately followed by an increase, till within twenty-four hours there is a well-marked leucocytosis (polynuclears). The effects of a protein shock, as obtained in non-specific therapy produced by the intravenous iDjection of a 1,000 million Bacillus typhosus vaccine into a rabbit, are shown in fig. 2 .
It has been stated that this non-specific effect is mainly the result of the interaction of one type of colloid with another, and it has been claimed that colloidal metals have a similar effect. In our hands the response to the injection of colloidal metals has always been much less than that produced by an organic colloid. Fig. 3 shows the effects of an injection of 0*05 grm. of colloidal silver intravenously injected into a rabbit. Perhaps much of this stimulation is due to the organic colloid used to protect the inorganic colloid. In the case of the guinea-pig the injection of colloidal silver seems at times to have rather a depressing effect, as at the end of seven days the leucocytes had fallen to about one-third of their numberno doubt as the result of the toxic action of colloidal silver.
(3) Antibody Response.-Under this heading the effect on both the natural and immune antibodies has been considered.
(a)Natural Antibodies.-In this connexion certain writers, in particular Jobling and Petersen [14] , claim that following an injection of foreign proteid, an increase in the ferments and antiferments of the body can be demonstrated. But on their own showing, the percentage increase is small and unlikely to be of much value. It seems more probable that the increase observed is in some way or other bound up On the blood-complement, injections of vaccine, apart from a slight depression, had no distinct effect ( fig. 4) . In the first experiment detailed below, a rabbit was injected with 1,000 million Bacillus typhosus intravenously and staphylococcus used as the implant.
Estimates were made before the inoculation, one hour, and eighteen hours after. The results, as calculated from the percentage of surviving colonies, show a slight increase (30 per cent.) in the killing power of the blood, eighteen hours after the injection (Table I) . 
," A similar experiment, in which colloidal silver was injected and staphyloccus used as the implant, gave a somewhat similar result (Table II) . In forming an opinion of the value of these two experiments, the considerable technical difficulties must be taken into account; to my mind, after allowing for this, the increase of bactericidal power seems to be outside experimental error.
SPECIFIC ANTIBODIES.
It has been suggested that one of the main effects of non-specific therapy is produced by a flushing-out of the natural and specific antibodies. Hektoen [171, Conradi, Bieling [18] and others, found that the specific antibodies, agglutinins, &c., were increased after the injection of non-specific antigens. Other observers found no such increase-Luddke, &c. [19] . An examination of the results of many of these workers suggests that, in their experiments, there is a tendency to lay stress on findings which cannot be regarded as significant.
In a series of experiments devised with the idea of elucidating this point, I could find little or no evidence that the specific antibodies were increased after the injection of a heterologous antigen or of an inorganic colloid. The results were similar to those obtained in the chemical stimulation of antibodies. The antibodies tested for were haemolytic amboceptor, agglutinins and bacteriolysins. [Professor McIntosh then proceeded to give an account of these various experiments and showed that injections of heterologous antigens were without appreciable effect on the antibody titre. He showed how one agglutination curve can readily be superimposed on another without interference ( fig. 7 ).] He continued: Let us glance back for a moment at what seems a discrepancy between the findings in the bactericidal and heemobactericidal experiments. The himobactericidal results show a slight increase after the injection, while the bactericidal results show no change. In the first place quite different techniques are employed in these two estimations-in the former test the whole blood is used, and in the latter the serum.
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If we accept, for the sake of argument, that the results are correct because they fall in line with the experiments of other workers, then in the whole-blood experiment the leucocytes present are bound to play an important part in the destruction of the test bacteria. After these shock-producing injections the leucocyte-producing tissues are stimulated, and as a result young and vigorous leucocytes are present in greater o000 Sheep Corp. numbers than before. These leucocytes then exert an increased phagocytic and ferment action. The importance of the leucocyte in this respect has been demonstrated in recent articles by McLean and by Maitland [221. I think, therefore, that ih may be said that no satisfactory evidence has been brought forward to show that non-specific protein therapy owes its main effects to .1 -144 t-5001 Section of Pathology 9 the stimulation of antibodies-normal or immune. Thus the theory that the substance iDjected may act as a common antigen, or stimulate the tissues which elaborate the antibodies, has found no support. Non-specific antigens I find have no measurable effect on the antibody titre, and as was shown before, pure chemical substances are without effect on the elaboration of antibodies. The curative effects of non-specific antigens apparently depend chiefly on the general tissue reaction and the leucocyte response.
All experiments have further confirmed the specificity of true immunity reactions, which indicates that the full value of therapeutic immunization can only be obtained by the use of specific antigens. 
SUMMARY.
It would appear, therefore, that in both prophylactic and therapeutic immuniza-tion in man, the general trend has been towards simplification. Gradually the living attenuated virus antigen has been replaced by a dead virus or bacterial product, and the dosage accurately controlled. In prophylactic immunization the protection afforded apparently depends mainly on the specific antibodies elaborated, and on the sensitization (allergie) of the tissues.
In therapeutic immunization two factors are at work-a specific and a non-specific. The specific is a typical antibody response, vKhile the non-specific appears to be mainly dependent on a general stimulation of the tissues and leucocytes-in fact to a process comparable to fever, while it is to be noted that in recent years there has. been greater tendency to make use of the valuable non-specific response.
